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CARDIOVASCULAR INFECTION 
 
  
Date:  Friday, November 16, 2012 – 10:30 am 
 
Reading Assignment: Sherris Medical Microbiology, 5th Edition.  Chapter 66, p. 959-969. 
 
OPTIONAL READING: Mandell, Douglas and Bennett’s Principles and Practices of Infectious 
Diseases, Chapter 77, p. 1067-1112 
 
 
LEARNING OBJECTIVES 
 
1. To describe the different causes of endovascular infections. 
 
2. To explain the difference between Acute and Subacute infective endocarditis (IE). 
 
3. To discuss the clinico-pathologic basis for the diagnosis of IE and rationale for treatment. 
 
4. To describe the common etiologic agents of IE. 
 
5. To discuss why blood cultures may be negative in the setting of IE 
 
6.   To explain the common causes of “culture negative” endocarditis. 
 
7. To describe criteria used for the diagnosis of IE 
 
8. To explain the principles in management of infective endocarditis and discuss the surgical 

indications for IE 
 
9.   To discuss the pathophysiology and etiologic agents of mycotic aneurysms and suppurative 

thrombophlebitis. 
 
 
INTRODUCTION 
 

Endovascular infections such as infective endocarditis (IE) are fatal if diagnosis and 
treatment are delayed. Even with aggressive early treatment frequently the affected 
individuals may be left with long-term sequelae of organ damage leading to cardiac 
disability. Complications of cardiac infection also lead to damage of other organ systems. 
Recognition and treatment requires understanding of the microbiology and pathogenesis of 
these infections.  IE most commonly involves the left side (mitral or aortic valve).  Right 
sided endocarditis is less common and occurs most commonly in injection drug users. 
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PATHOGENESIS 
 
 Normal endothelium is usually resistant to microbial colonization.  Staphylococcus aureus 

can be engulfed by endothelial cells, and eventually lead to IE of structurally normal valves.  
Development of infective endocarditis otherwise requires 3 events:  

 
1. The presence of altered valvular endothelium (ie. past rheumatic fever).  This can 
lead to deposition of platelets and fibrin on the endothelial surface (Nonbacterial thrombotic 
endocarditis – NBTE).   
2. Bacteremia, which can result in seeding of the altered valvular endothelium.   
3. Adherence of bacteria and subsequent complement activation, inflammation, fibrin 
and platelet deposition and further endothelial damage at the site of colonization leading to a 
mature vegetation.   
 
Any valvular lesion that causes turbulent blood flow across an endovascular structure can 
increase the risk of endocarditis.  These lesions include but are not limited to: 
 
1. Rheumatic heart disease 
2. Prosthetic valve 
3. Degenerative cardiac lesions (ie calcific mitral annulus, coronary artery disease, post-MI 

thrombus) 
4. Congenital heart defects (bicuspid aortic valve, patent ductus arteriosus, ventricular 

septal defects, coarctation of aorta, tetalogy of Fallot, Marfans syndrome with aortic 
regurgitation, mitral valve prolapse with mitral regurgitation) 

5. Cardiovascular devices 
 
In endovascular infections although bacteremia is continuous (as opposed to intermittent in 
other conditions such as pneumonia, pyelonephritis etc) the number of organisms/ml of 
blood may be as low as 10.  In contrast vegetations have large numbers of bacteria.  The 
bacterial colonies are generally found beneath the surface of the vegetation.  The avascular 
platelet fibrin mesh does not permit infiltration by host defenses such as phagocytic cells; 
hence bacteria reach population densities of 109 - 1010 bacteria/gm.  Bacteria deep within the 
vegetation are in a relatively reduced metabolic activity state, these populations also referred 
to as sessile or surface adherent populations are substantially more resistant to 
antimicrobials.  These two factors make the population difficult to kill; hence high doses of 
bactericidal agents need to be used for prolonged periods of time to cure the patient of 
endovascular infections. 
 
Persistent inflammation from continuous bacteremia can lead to development of circulating 
immune complexes, which consist of microbial antigen and antibody.  These complexes 
activate complement and contribute to some peripheral manifestations of infective 
endocarditis (eg. glomerulonephritis, arthritis, cutaneous vascular lesions). 
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ETIOLOGIC AGENTS 
 
 Streptococci, particularly viridans group streptococcus, and enterococci are the most 

common causes of native valve endocarditis.  Uncommon agents are gram-negative 
bacteria, fungi and fastidious organisms, which are difficult to culture.  By contrast, 
coagulase negative staphylococcus and Staphylococcus aureus are the most common 
causes of prosthetic valve endocarditis. 

 
 Blood cultures in the setting of IE may be negative for several reasons:  

1. Infection due to fastidious organisms (ie. Nutritionally deficient streptococcus, 
HACEK – Haemophilus aphrophilus, Actinobacillus sp, Cardiobacterium sp, 
Eikenella sp, Kingella sp) 

2. Infection due to “culture negative” organisms which do not grow on routine media 
(Coxiella burnetti, Bartonella sp, Chlamydia psittaci, Legionella pneumophilia, 
Brucella, Mycoplasma, Trophyrema whippelii) 

3. Prior administration of antibiotics 
4. Fungal pathogen 
5. Non-infective endocarditis 

 
CLINICAL FEATURES 
  

The signs and symptoms of IE are protean and any organ system can be involved. Due to the 
varied manifestations, diagnosis of IE is often delayed.  Four processes are responsible for 
the clinical picture:  
 
1. The infectious process on the valve including local intracardiac complications 

a. Valvular insufficiency (rupture of chordae tendinae, interventricular septum or 
papillary muscle) 

b. Congestive heart failure 
c. Valve ring abscess 
d. Pericarditis 
e. Conduction abnormalities 
f. Myocardial Infarction 

2. Bland or septic embolization 
a. Kidney infarct, abscess 
b. Splenic infarct or abscess 
c. CNS emboli 
d. Septic pulmonary emboli 
e. Janeway lesion 

3. Constant bacteremia often with metastatic foci of infection 
a. Septic arthritis 
b. Diskitis/vertebral osteomyelitis 

4. Circulating immune complexes and other immunopathologic factors. 
a. Glomerulonephritis 
b. Arthralgia 
c. Petechiae 
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d. Osler nodes 
 
The virulence of infecting micro-organisms contribute to the disease manifestations.  Acute 
endocarditis is a term used to describe infections due to virulent micro-organisms (eg. 
Staphylococcus aureus) which present with high fever, acute toxicity and death within days 
to weeks if untreated.  By contrast subacute endocarditis refers to infection from a relatively 
avirulent organism (ie. Viridans group Streptococcus) which presents with low grade fever, 
night sweats, weight loss and constitutional symptoms. Subacute endocarditis leads to death 
over weeks to months if untreated. 
 
Laboratory findings are non-specific.  Anemia of chronic disease, thrombocytopenia, 
leukocytosis are frequently present.  Erythrocyte sedimentation rate and rheumatoid factor 
may be elevated.  Rheumatoid factor usually normalizes with antibiotic treatment.  

 
DIAGNOSIS 
 
 Appropriately obtained blood cultures along with echocardiography are the mainstays of 

diagnosing IE.  3 sets of blood cultures should be obtained in the first 24 hours prior to 
starting antibiotics.  No more than 1 set (2 bottles) should be obtained with each 
venipuncture.   

 
 Echocardiography is the preferred method to visualize vegetations on coronary valves.  

Transthoracic (TTE) and Trasesophageal (TEE) echocardiography are available 
modalities.  TTE has a variable sensitivity (<50% to >90%) however has the highest 
sensitivity for diagnosing right sided IE.   TTE may be inadequate in adult patients with 
obesity, chronic-obstructive pulmonary disease or chest wall deformities.  TEE has a 
greater sensitivity than TTE however is more costly and is an invasive procedure. 

 
 The Duke criteria for IE is the accepted criteria used for the diagnosis of IE.  These 

criteria classify the probability of endocarditis as DEFINITE, POSSIBLE and 
REJECTED.   A diagnosis of IE is POSSIBLE if findings consistent with IE are present 
that fall short of DEFINITE and REJECTED.  A diagnosis of endocarditis by these 
criteria is REJECTED if: 

 
1. A firm, alternative diagnosis explaining evidence of IE, OR 
2. Resolution of endocarditis syndrome with antibiotic therapy for  4 days, OR 
3. No pathologic evidence of IE at surgery or autopsy, after antibiotic therapy for  4 

days 
 
 A DEFINITE diagnosis of IE can be made with pathologic or clinical criteria.   
 

Pathologic criteria include: 
1. Microorganisms shown by culture or histology in a vegetation or in a vegetation that 

has embolized or in an intracardiac abscess 
2. Vegetation or intracardiac abscess present, confirmed by histology showing active 

endocarditis. 
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Clinical criteria required for classification as DEFINITE IE include: 
1. The presence of 2 major criteria, OR 
2. 1 major and 3 minor criteria, OR 
3. 5 minor criteria  

 
MAJOR CRITERIA 
1. Positive blood culture for IE 

a. Typical microorganism for IE from 2 separate blood cultures 
i. Viridans streptococci, Streptococcus bovis, HACEK group, OR 

ii. Community-acquired Staphylococcus aureus or enterococci in the 
absence of a primary focus 

b. Persistently positive blood cultures for any microorganism (from blood 
cultures drawn >12 hours apart), OR 

c. All of 3 or most of 4 or more separate blood cultures positive, with the 1st and 
last specimens drawn at least 1 hour apart 

2. Evidence of endocardial involvement 
a. Findings on ECHO positive for IE 

i. Oscillating intracardiac mass on valve or supporting structures or in 
path of regurgitant jets, or on iatrogenic devices in the absence of an 
alternative anatomic explanation, OR 

ii. Abscess, OR 
iii. New partial dehiscence of prosthetic valve, OR 

b. New valvular regurgitation (increase or change in pre-existing murmur not 
sufficient) 

 
MINOR CRITERIA 
1. Predisposing heart condition or intravenous drug use 
2. Fever  38oC (100.4oF) 
3. Vascular phenomena: arterial embolism, septic pulmonary infarcts, mycotic 

aneurysm, intracranial hemorrhage, Janeway lesions. 
4. Immunologic phenomena: glomerulonephritis, Osler nodes, Roth spots, rheumatoid 

factor 
5. Echocardiogram: findings consistent with IE but not meeting major criteria above 
6. Microbiologic evidence: positive blood culture but not meeting major criteria above, 

OR serologic evidence of active infection with organism consistent with IE 
 
MANAGEMENT OF IE 
 
 The choice of antibiotic therapy depends on the etiologic agent and the organism’s 

susceptibility profile. Principles of antibiotic therapy include use of a bactericidal agent, 
high continuous blood levels of the appropriate antimicrobial agent, prolonged therapy 
and use of an aminoglycoside when appropriate.  For enterococcal IE, gentamicin (or 
streptomycin) should be combined with a cell wall active agent (penicillin G, ampicillin 
or vancomycin) for synergism if high level resistance is absent.  Synergistic use of 
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aminoglycosides may also be used for treatment of selected cases of IE due to viridans 
streptococci or Streptococcus bovis to shorten the course of antibiotic therapy.  

 
 For IE secondary to Staphylococcus aureus: 

1. Nafcillin or cefazolin for 6 weeks is the regimen of choice for methicillin-sensitive S. 
aureus. 

2. Vancomycin for 6 weeks is the drug of choice for methicillin-resistant S aureus 
(MRSA) 

3. In the presence of prosthetic valves, gentamicin and rifampin should be added to the 
regimen.  

 
Surgery may be required in many cases.   Indications for surgery in IE include the 
presence of: 

 
1. Congestive heart failure 
2. Valve ring abscess 
3. More than 1 serious systemic embolic event 
4. Fungal endocarditis 
5. Uncontrolled infection 
6. Prosthetic valve IE caused by antibiotic resistant pathogens 
7. Mycotic aneurysms 

 
 
MYCOTIC ANEURISM 
 
 Mycotic aneurysim is defined as infection with any organism that causes inflammatory 

damage and weakening of arterial wall with subsequent aneurismal dilation.  Mycotic 
aneurysms are rare however most commonly occurs in the setting of IE through emboli to 
the vaso vasorum.  Acute and chronic inflammation develops diffusely through the vessel 
wall followed by obiteration of the elastic and muscularis layers.  Necrosis, hemorrhage, 
abscess and bacterial colonies may be present in the sections. 

 
 Clinical manifestations are usually absent until rupture and depend on location.   

1. CNS mycotic aneurysms can present with sudden focal deficits, stroke syndromes, 
confusion, meningismus, seizures or coma.   

2. Superior mesenteric artery aneurysms can present with acute onset of colicky 
abdominal pain 

3. Hepatic artery aneurysms may produce colicky right upper quadrant pain, fever, 
jaundice and GI hemorrhage 

4. External iliac artery involvement can lead to pain in the lower extremity, with 
quadriceps muscle wasting and a depressed knee jerk, arterial insufficiency of the 
extremity with coolness, pallor, depressed pulses and bacteremia 

5. Distal aneurysms (ie femoral artery) can present with a tender, diffusely indurated, 
pulsatile mass with an associated bruit, decreased peripheral pulses, skin changes or 
frank gangrene.  

 



Mechanisms of Human Disease  Cardiovascular Infection 
Friday, November 16, 2012 – 10:30 am  Paul O’Keefe, M.D. 

7 

SEPTIC THROMBOPHLEBITIS 
 

Infection of vein wall frequently associated with thrombosis and bacteremia. The 
pathogenesis involves thrombus formation due to trauma, inflammation, hypercoagulable 
states, stasis, or foreign bodies such as catheters or grafts.  Microorganisms are able to seed 
this abnormal endothelial structure and a focus of infection is established.  Bacteremia 
characteristically with organisms such as Staphylococcus aureus, aerobic and anaerobic 
gram negative bacilli (especially in pelvic veins); micro aerophilic streptococci (intracranial 
venous sinuses) ensues.  Fever and chills are seen with signs of inflammation in tissues 
contiguous to the involved vein.  Septic pulmonary embolization may mimic pneumonia.  
Antimicrobial therapy, removal of infected foreign material (catheters, grafts) and/or 
resection of the involved vessel are the principle modes of therapy. 

 
 
 
 
 
 
 
 
 


